of designing a catheter with an adequate dynamic response yet small enough to measure pressures in small airways. We have developed a technique in which this problem is, to a large extent, overcome. The catheter measuring the pressure, instead of extending out through the trachea in the usual manner, extends in a retrograde fashion from the point of measurement through the parenchyma and pleural surface. The airways between the catheter tip and airway opening are unobstructed. The technique is simple and has been successfully applied to excised lungs of different species as well as openchested living dogs and cats. A somewhat similar method has been used to measure events in the pulmonary circulation (2) . This report describes the results obtained using this technique to partition lower airway resistance.
RETROGRADE CATHETER
The retrograde catheter is simply a piece of polyethylene tubing bell-shaped at one end. A diagrammatic illustration of the catheter in position is shown in Fig. I . The bell is wedged in a bronchus with the catheter extending peripherally through parenchyma and pleura. It measures lateral bronchial pressure (Pbr) at the site of the bell. The catheter is positioned in the following way: A larger polyethylene catheter is inserted into the bronchial tree until it is wedged. A piece of piano wire is then passed into the wedged catheter and out through the parenchyma and pleural surface. The wedged catheter is removed. The end of the retrograde catheter without the bell is securely attached to the tracheal extension of the wire. By pulling on the wire at the pleural surface the retrograde catheter is pulled through the airways and parenchyma until the bell wedges in a bronchus.
By varying the size of the bell the size of the bronchus in which pressure is measured can be altered.
ERRORS AND ASSUMPTIONS
The retrograde catheter offers an advantage over conventional methods of bronchial pressure measurement only if distortions in pressure caused by its presence are less than those caused by other techniques.
Unquestionably, the catheter traumatizes and distorts the lung tissue through which it passes and intrapulmonary hemorrhage in that portion of the lung is not infrequently seen at post mortem. Furthermore, the passage of air in and out of that portion of lung is impeded, although we observed that it did fill and empty slowly, presumably through collateral channels. This portion is small because the bell of the catheter was situated I cm or less from the pleural surface. Trauma in this area is presumably unimportant in causing an artefact in pressure measurement because the airways to it are blocked by the retrograde catheter and are completely cut off from the rest of the lung. As illustrated in Fig. I bility that the presence of the catheter could in some way partially or totally immobilize lung tissue for unknown distances in all directions.
If this occurred the flow of air past the catheter tip would be less than normal, or conceivably might stop altogether.
This consideration allows the establishment of limits for the distortions in flow. At one extreme there would be no distortion in flow and the pressure measured by the catheter would be accurate. At the other extreme, flow past the catheter would stop altogether.
In this instance the bronchus into which the catheter opens would act as an extension of the catheter and measure pressure at the nearest branch toward the hilum through which flow is occurring.
This will lead to an overestimate of the pressure difference between the alveolus and the catheter tip. If in one extreme, flow is normal, whereas in the other, flow is stopped, then flow must be less than normal in all conditions which lie in between these extremes. Similarly, if when flow is normal, the pressure measurement is accurate, whereas when flow is stopped, the pressure difference along airways peripheral to the point of measurement is overestimated, then this pressure difference must be overestimated in all conditions lying between the extremes. Because the catheter acts as an obstruction in the peripheral airways by blocking the bronchus in which it is lodged, it causes an error in pressure measurement on this account. This will lead to an overestimate of the pressure difference between the alveoli and the point of measurement to the extent that the intervening resistante is increased bv the catheter and an underestimate of the pre ssure between the catheter and the airway opening to the extent that the resulting flow is less than without the catheter. An example is shown in Fig. 3C . Ppl-Pbr, of course, still contains the elastic recoil pressure, but by plotting Ppl-Pbr against volume the deviation of this curve from the static pressure-volume curve gives the flow-resistive pressure drop along the peripheral airways. The results to be reported were obtained by measuring Rp and RL. Rc was estimated by subtraction of Rp from RL. RL was curvilinear and the value measured was the inverse of the slope of the pressure-flow curve as it passed through zero flow. Rp was measured either by the inverse of the slope of the pressure-flow curves of the peripheral airways or by measuring the deviation from the static pressure-volume curve of Pbr-Ppl and dividing by flow. No attempt was made to determine the relative flow sensitivity of Rp and RC although it was our impression that the central airways were more sensitive (see Fig. 3, A and B) .
RESULTS
AND DISCUSSION Figure 4 shows the partitioning of resistance in one of the living dogs. Rp is a negligible fraction of the total above 80% VC. Between 80 and 30% it is small but measurable, below 30 % there is a distinct increase but it is not nearly as great as the increase in RL as volume diminishes.
Furthermore, there is a slight increase in RL at high lung volumes but not in Rp. Figure  5 shows mean values of RL and Rp and standard errors plotted as a function of lung volume in all eight dogs. At low lung volumes the catheter tended to become obstructed so that I o % VC data were available in only six dogs. The results are closely similar to the results shown in Fig. 4 In the human lung an airway of 2 mm internal diameter may be situated any where between the 4th and 14th generation (2 I, p. 125). In our experiments the airway in which pressure was measured is obviously determined by its size, not by its generation.
Considering this, and that most of our data were obtained in dogs, the agreement between our results and that of Green and Gomez is remarkable.
Because the measurements of Rp in our experiments also include the measurements of lung tissue flow resistance it follows that tissue resistance is negligible.
It has been variously estimated at between 40-5 710 of RL, but no method has previously measured it directly. The measurements of Marshall and DuBois (I I) and Ferris, Mead, and Opie (6) are probably the most accurate but include any nonflow-resistive pressure-volume hysteresis that may be present. This might conceivably account for the discrepancy between their results and ours. Our data show that the central airways account for most of the absolute increase in RL at low lung volumes and therefore most of the decrease in conductance. Martin and Proctor (12) have shown that the smaller the airway the larger its compliance. On this basis, the greatest caliber change and therefore the largest percent decrease in conductance should occur in the smallest airways. Figure  7 shows mean values for total, peripheral, and central conductance, plotted over the lower half of the vital capacity.
As predicted, Our results offer partial explanation for the fact that compliance is frequency independent at volumes greater than FRC in most normal subjects (3, 14, 18) . For this to occur the various parallel pathways within the lung must fill and empty synchronously over a wide range of frequencies.
This condition, which is obviously essential for efficient gas exchange, is difficult to construct mechanically as it implies that the time constants (the product of resistance and compliance) of the various and multitudinous parallel pathways within the lung must be equal. There is an alternative explanation. possible in a purely viscoelastic system. That is, one compartment will be emptying during half the time that the other compartment is filling. If this situation ever occurs in life it is obvious that gas distribution and exchange will be markedly abnormal. Not so obvious is the fact that airway resistance might only be slightly affected. This point is shown in Fig. 8B , which is the graphical solution to equation A two-compartment model similar to that used for Fig. 8A was used to calculate this figure. The time constants T1 and Tz of each compartment are different, the variations being entirely due to variations in resistance. A common resistance of 0.9 cm HzO/LPS is shared by both compartments.
At higher breathing frequencies the measured resistance with a fourfold variation in the time constants (T1 and T2 = 0.01 and 0.04) is actually higher than it is when the variation is ~,ooo-fold (T1 and Ta = 0.01 and 10.0). It is only at rather low frequencies that the thousandfold variation is readily detectable.
In 
